Background
the blood samples used were collected and tested for routine medical purpose, and we only analyzed the results of the CMV antigenemia assay, which had been reported to the patients and to physicians. Patients' identifying information was removed before the analysis.
Study samples
A total of 22,192 whole blood samples were collected from patients visiting the PUMCH from May, 2008 to December, 2018 ; all samples were subsequently tested for CMV antigenemia. All patient categories and demographic information were based on our hospital data. In general, whether patients were in a disease state was uncertain.
The inclusion criteria were blood samples from patients who were Chinese, had complete demographic information, and had laboratory results for the CMV antigenemia test.
Exclusion criteria were blood samples from patients who: were foreigners (as the study was designed for Chinese patients only), from those who had no demographic information, or from those had no laboratory test results for CMV antigenemia. More than one of blood samples collected in fewer than 3 days from one patient were considered repeated samples, and only the first sample was included for analysis; the remaining samples were excluded.
Laboratory testing
Peripheral whole blood samples were collected using sterile vacuum blood collection tubes contain EDTA.K2 anticoagulant. The CMV Brite assay (IQ products BV, Groningen, the Netherland) was performed to test for CMV antigenemia according to the manufacturer's instructions. Briefly [17] , peripheral blood leukocytes in whole blood samples were separated with dextran and erythrocytes were lysed with ammonium chloride lysis buffer. The leukocytes were counted using a hemocytometer and about 1.5×10 5 /0.1mL cells were applied to each of two slides through cytocentrifugation (Cytospin 4, Shandon, Thermo Scientific, UK) at 1000rpm for 5 minutes. Cells on the slides were fixed with formaldehyde, permeabilized with Igepal CA-630, and stained with anti-CMV pp65 antibodies (C10/C11, IgG1), and re-stained with FITC-labeled rabbit anti-mouse IgG conjugate. For each assay, positive and negative control slides from Brite kit was treated using a similar procedure as that above. Finally, the slides were read under a fluorescence microscope (Olympus BX51, Tokyo, Japan). Polylobate perinuclear yellow-green fluorescent staining of leukocytes was used to determining positive CMV antigenemia. The following cut-off values were used to determine positive CMV antigenemia: positive, one or more CMV antigen-positive cells present per duplicate stain; and negative, no CMV antigen-positive cells present per duplicate stain.
Statistical analysis
Our laboratory information system (LIS) software was installed on a server. Results of CMV antigenemia assays were stored in the server after testing was completed and the results were reported. To protect patients' identifying information, the LIS was only accessible to staff of the virology division using passwords. The data were exported to Microsoft Excel 2007 (Microsoft Corp., New York, NY, USA), where they were sorted and the results were preliminarily calculated. Statistical analysis was performed using IBM SPSS software version 21.0 (IBM Corp., Armonk, NY, USA). P-values <0.05 were considered statistically significant. The chisquared test with continuity correction and an independent samples t-test were used to compare the prevalence of CMV antigenemia and the mean number of days until negative conversion of CMV antigenemia.
Results

Prevalence of CMV antigenemia
From 2008 to 2018, a total of 22,192 whole blood specimens were tested for CMV antigenemia. The general information of patients with autoimmune diseases and non-autoimmune diseases is shown in Table 1 . There were 10,749 (48.4%) patients with autoimmune diseases and 11,443 (51.6%) with non-autoimmune diseases. Among the 10,749 patients with autoimmune diseases, 5,379 (50.0%) had SLE and 5,370 (50.0%) had non-SLE autoimmune diseases. The age range of the total 22,192 patients was from 1 day to 97 years old, and the mean age was 41.6 ±19.4 years old with a median of 41 years. For patients with SLE, the mean age was 31.4±14.8 years with a median of 28 years.
As shown in Table 2 , the overall prevalence of CMV antigenemia was 19.5% (4,335/22,192 Table 2. in patients with autoimmune diseases was 35.1% (3,768/10,749), 58.6% (3,154/5,379) in patients with SLE and 11.4% (614/5,370) in patients with non-SLE autoimmune diseases, the latter (11.4%) was significantly higher than 5.0% (567/11,443), the average prevalence in patients with non-autoimmune diseases (χ 2 = 227.1, P<0.001). Sex differences in the prevalence of CMV antigenemia were not significant between male patients and female patients with SLE (57.7% vs. 58.8%, χ 2 = 0.215, P = 0.643). Table 2 .
Note: % values indicate positive rate of CMV antigenemia in men or women, or in both men and women, in each disease category, this differs from the meaning in Table 1 .
https://doi.org/10.1371/journal.pone.0221793.t002
Age-related prevalence of CMV antigenemia
Details of age-related prevalence of CMV antigenemia in patients with autoimmune diseases and non-autoimmune diseases are shown in Table 3 . For patients with SLE <20 years old, the prevalence of CMV antigenmia was between 63% (<10yrs) and 67% (11-20yrs); both significantly higher than the 58.6% (3,154/5,379) in all SLE patients on average. In contrast, for patients with non-SLE autoimmune diseases >51 years old, the prevalence of CMV antigenemia was between 14% (�61yrs) to 15% (51-60yrs); both significantly higher than 11.4% (614/5,370) in all patients with non-SLE autoimmune diseases on average. Table 4 shows the prevalence of CMV antigenemia among patients with non-autoimmune diseases in various hospital departments. The prevalence of CMV antigenemia in patients admitted to ICUs (including internal medicine ICU, surgical ICU and coronary care unit) was 9.2% (122/1328), this was significantly higher than the prevalence of 5.0% (567/11,443) among all patients with non-autoimmune diseases on average (χ 2 = 40.9, P<0.001).
Prevalence of CMV antigenemia among patients in different hospital departments
Negative conversion of CMV antigenemia
A total of 2,481 (56.5%, 2,481/4,335) blood samples with CMV antigenemia previously were recollected and retested after 3 to 2,884 days (up to 7.9 years) from the time of the previous assay. The 2,481 patients with positive CMV antigenemia who were being followed up by analyzing subsequent blood sample results were from the same patients. Patients with SLE had the lowest proportion (23.8%, 461/1,936) of negative conversion of CMV antigenemia, as Table 5 . The sex difference was significant between male and female patients with non-SLE autoimmune diseases and non-autoimmune diseases (χ 2 = 8.12, P = 0.004), but this was not significant between male and female patients with SLE (χ 2 = 0.03, P = 0.862).
Days until negative conversion of CMV antigenemia
The number of days from positive to negative conversion of CMV antigenemia in patients with SLE ranged from 3 to 2,884 days, and the mean ± standard deviation (SD) was 133.9 ±419.9 days with a median of 21 days. Clearly, 2,884 days (7.9 years) is meaningless for calculating the time to negative conversion of CMV antigenemia as there might be many rounds of disease activities during such a long period. Hence, we established the definition that data of 10% of patients with the longest periods to negative conversion would not be used in the calculation and this definition was also applied to calculations for patients with non-SLE autoimmune diseases and non-autoimmune diseases. The number of days was calculated according to above definition and the results are shown in Table 6 . The mean number of days to negative conversion of CMV antigenemia in patients with SLE were 35.3±35.8 days, which was significantly more than the 15.4±11.9 days in patients with non-SLE autoimmune diseases (t = 7.32, P<0.001) and the 13.6±7.7 days in patients with non-autoimmune diseases (t = 6.76, P< 0.001). The mean number of days until negative conversion of CMV antigenemia was significantly different between male and female patients with non-SLE autoimmune diseases and non-autoimmune diseases (t = 2.80, P = 0.005) but not between male and female patients with SLE (t = 0.287, P = 0.774).
Discussion
As shown in Table 2 , the average prevalence (35.1%) of CMV antigenemia in patients with autoimmune diseases has exceeded the prevalence in traditionally immunocompromised patients, such as 27.0% in patients with HIV/AIDS and 14.8% in patients post-transplantation. Among our patients with autoimmune diseases, the prevalence of CMV antigenemia in those with SLE (58.6%) was much higher than in patients with non-SLE autoimmune diseases: for example, 20.7% in patients with Sjogren syndrome, 19.8% in patients with rheumatoid arthritis and 14.7% in patients with polymyositis and dermatomyositis. There were many studies supporting the hypothesis that CMV infection plays a role in inducing or triggering autoimmune diseases such as SLE [18] [19] [20] [21] [22] . In this study, the 58.6% of CMV antigenemia in patients with SLE supports this hypothesis, and reminds that the association between CMV and SLE is much closer than the association between CMV and non-SLE autoimmune diseases. Unfortunately, reactivation of latent CMV in patients with autoimmune diseases due to immunosuppressive drugs will be more common in China than in developed countries because of the higher prevalence of primary CMV infection, which means a higher prevalence of CMV latency in China. It has been shown in our previous research [23] as well as other studies [24] [25] [26] that Epstein-Barr virus (EBV), another herpesvirus, is also more closely associated with SLE than with non-SLE autoimmune diseases; this indicates that both CMV and EBV are more involved in SLE than in non-SLE autoimmune diseases [27] [28] [29] . For non-autoimmune diseases, active CMV infection is also common in patients with immunocompromised conditions or those taking immunosuppressive medications containing corticosteroids, such as patients with HIV/AIDS or hemophagocytic lymphohistiocytosis [30] and patients post transplantation [31] . In our study, as shown in Table 2 , excessive endogenous corticosteroid in patients with ACTH-related Cushing syndrome did not seem to trigger CMV reactivation, although there is a previous report of opportunistic CMV infection occurring in a patient with ACTH-related Cushing syndrome [32] . In our study, there were 49 cases of ACTH-related Cushing syndrome and 4.1% (2/49) of CMV antigenemia among them, with one patient (a 50-year-old female) testing positive twice for CMV antigenemia. That patient had Cushing syndrome as well as septic shock and acute respiratory distress syndrome; hence, she was admitted to the ICU once. Therefore, the administration of exogenous corticosteroids during medical treatment could not be excluded. We presume that low levels of chronic and autonomous secretion of cortisol in patients with ACTH-related Cushing syndrome may have less effect on dysregulation of the immune system than high dosage of exogenous corticosteroids given as immunosuppressant drugs to treat patients with autoimmune diseases, such as SLE.
As shown in Table 2 , whole female patients with non-SLE autoimmune diseases had significantly higher prevalence of CMV antigenemia than the male patients although sex differences were not found in any particular disease, such as polymyositis and dermatomyositis, or vasculitis due to the limit of sample size. Similarly, females with non-autoimmune diseases were also observed to have higher prevalence of CMV antigenemia than males, confirming that women with non-SLE autoimmune or non-autoimmune diseases are more vulnerable to CMV reactivation than men.
Adolescent patients with SLE equal or less than 20 years old were more likely to have CMV antigenemia than adult or elderly patients with SLE, as shown in Table 3 . The reason could be that immunosuppressive treatment is more frequently prescribed among teenagers with SLE [33, 34] because pediatric SLE is more aggressive and more often involves major organs. However, CMV infection impairs the immune profile and function during normal human aging [35] [36] [37] , leaving older adults more susceptible to CMV reactivation. This could be the reason patients over 51 years of age with non-SLE autoimmune diseases were found to have higher rate of CMV antigenemia than young patients in our study (Table 3) .
To compare the prevalence of CMV antigenemia among various departments (Table 4) , we only analyzed data of patients with non-autoimmune diseases because the department of immunology in our hospital is responsible for most diagnosis and treatment of patients with autoimmune diseases. The prevalence of CMV antigenemia in patients admitted to the ICUs was 9.2%, the highest among all patients with non-autoimmune diseases in our study. Active CMV infection is increased among immunocompetent patients admitted to the ICU [38, 39] and this is thought to be because of reactivation from latency rather than primary infection [40] . In a systematic review, Li et al [41] found an overall rate of 27% CMV infection and 31% of CMV reactivation among immunocompetent patients in the ICU, owing to the following reasons: being an elderly patient, having undergone surgery and received massive transfusion, and having received corticosteroids or catecholamines. The next highest rate (7.5%) of CMV antigenemia in our study was seen in patients among the department of immunology; we suppose that the diagnosis of autoimmune diseases (a higher prevalence of CMV antigenemia is expected) had not be established in some patients among department of immunology when CMV antigenemia was tested.
Zhang, et al [14] reported that the proportions of negative conversion of CMV antigenemia in 105 patients with SLE reached to 54.1% after 14-21 days of inductive treatment with ganciclovir. The proportion of CMV antigenemia of negative conversion among patients with SLE in our study was only 23.8%, significantly lower than the 64.3% in patients with non-SLE autoimmune diseases and the 61.0% in patients with non-autoimmune diseases (Table 5) . Meanwhile, the mean number of days until negative conversion of CMV antigenemia in patients with SLE was 35.3±35.8 days, which was much longer than the mean 15.4±11.9 days in patients with non-SLE autoimmune diseases and the mean 13.6±7.7 days in patients with non-autoimmune diseases (Table 6 ). Interestingly, different from male patients with non-SLE autoimmune or non-autoimmune diseases, male patients with SLE did not have a lower prevalence of CMV antigenemia and higher percentage and short period to negative conversion of CMV antigenemia than female patients with SLE, suggesting that the association between CMV and SLE predominate over the sex difference. Furthermore, CMV viral activity has been found to be associated with high SLE disease activity [42] , high CMV viral loads are associated with a longer course of SLE disease [43] and active CMV infection is a mortality risk factor in patients with SLE [44] . There was a hypothesis raised in the review of Doaty et al [45] , which we may call it "vicious cycle", that is CMV infection plus other factors cause SLE, SLE is medicated with immunosuppressant and reactivation of CMV from latency owing to immunosuppressant exacerbates SLE eventually. 
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